INTRODUCTION
Gas-solid chromatography on partially deactivated alumina was found to be a convenient technique to isolate the low molecular weight hydrocarbons from cigarette smoke (1, 2.). Although somewhat time-consuming for the C11 and Co hydrocarbons, this method gave fair resolution, reproducible retention times and, combined with a preliminary "ascarite" treatment, fractions almost free from polar compounds. Followed by further fractionation by gas-liquid chromatography, this technique led to the isolation and identification of some 50 hydrocarbons from 30 peaks eluted over a period of 10 1 /2 hours ( Fig. 1 and 2. ). Only three non-hydrocarbon compounds were found in the eluate: nitrous oxide, methyl chloride and furan; a fourth such compound has now been identified, namely, dimethyl sulfide.
FIGURE 1
Gas chromatoprams on alumlna of the hquld air condensable fraction of the gas phase of ciga,.tte smoke -
---------------------------------------------------
8 Time in hours 9 10
• Presented at the 4th International Scientific Tobacco Congress, Athens, September 1966. . Three-way stopcock leading either to a 40 ml bulb or to a series of gas traps, 4· A stopcock-equipped U-trap, 5~ A conventional gas-handling vacuum apparatus (not shown).
FIGURE 3
Schematic diagram of the smoking apparatus :t. In the -CH stretching region, the 2985, 2924 and 2882 cm-1 -CHs bands, appearing at slightly higher frequencies than in hydrocarbons due to the proximity of the sulfur atom. -- -- The mass spectrum of this &action agreed also very well with the one of authentic dimethyl sulfide as shown in Fig. 5· The m/e 48 and 63 peaks are explained by the cumulative contributions of ions normally corresponding to masses 47 and 62 respectively but containing the isotopes C18, H2 or 5 88 and of ions of normal masses 46 and 61 but with isotope S84, Confirmation of the identity of dimethyl sulfide was also obtained by the retention times of an authentic sample on both columns· used ·in this investigation; these retention times were 9 h 40 min. on alumina and 50 min. on alumina + O.D.P.N. A semi-quantitative estimation of the amount of dimethyl sulfide in cigarette smoke, based on gas chromatographic measurements and taking into account the various collection, transfer and recovery losses, gave between 0.1 and 0.2 !J.g/puff. Relatively few sulfur compounds have been so far identified in cigarette smoke, practically all of them in the gas-vapor phase; they include thiocyanogen (3), thiocyanic acid (4), hydrogen sulfide (5, 6, 7, 8); carbonyl sulfide (9, :to), carbon disulfide (11), methyl thionitrite (11), thiophene (12, 6) and dimethyl sulfide. Two other probable sulfur containing constituents are methyl mercaptan and dimethyl disulfide, respectively a possible precursor and a decomposition product of methyl thionitrite, as well as .an oxidation product of methyl mercaptan. Very little can be said concerning the origin of these sulfur compounds present in tobacco smoke since very little is known about the sulfur containing compounds of tobacco itself. According to Wenusch (24) , sulfur is absorbed by the plant as the sulfate ion and occurs in the plant body as sulfates, esters of sulfuric acid and sulfur containing proteins, and plays an important part in the physiology of the plant through the redox system S-S+2H :o==== 2SH. On a moisture-free basis, the weight percentage of sulfur of the main types of tobaccos used in the manufacture of a typical American blended cigarette varies from 0.4 for Virginia flue-cured tobacco to 1.1 for Maryland tobacco (1.3). Hydrogen sulfide present in tobacco smoke seems to be formed from tobacco proteic substances (8). Carbonyl sulfide has been found in the 250° C tobacco pyrolysis products (:1.4) as well as in cigarette smoke (9, :1.0). A low-energy process would therefore be sufficient for its formation sum as, for instance, the hydrolysis of isothiocyanic esters commonly found as glycosides in many plants. On the other hand,· carbon disulfide was found only in cigarette smoke (u), whim suggests a high temperature of formation, for example between elemental sulfur vapor and carbon. Sulfur compounds are usually associated with a bad, even repulsive smell. However, in the proper concentration, they contribute to the characteristic flavor of several natural products, such as garlic and onion (:1.5), horseradish, turnip, water cress, rutabaga, etc. (:1.6) for which the identified active flavor compounds are several mercaptans, sulfides, disulfides, trisulfides and isothiocyanates. Sulfur compounds have also been detected in cooked meat vapors (:1.7), in roasted coffee volatiles (:1.8) and in milk where dimethyl sulfide in particular is an important flavor ingredient (:1.9) found to have a desirable effect, at the appropriate level, according to organoleptic tests (2o). Some synthetic flavor compositions include sulfur compounds, either in relatively high concentration (:1.o 0 /o) sum as a-furfuryl mercaptan for coffee (2:1.), or merely as a trace (:1.oo ppm) such as diallyl sulfide in raspberry flavor (22) . According to Hewitt et al. (23) and I quote " ... relatively simple sulfur containing compounds will be found to occur widely in the volatiles from food stuffs, probably at sub-threshold concentrations where they may have important modifying effects on the principal flavor constituents". It is probable, considering the very low flavor threshold of many sulfur compounds [some :1.2 ppb. for (CHs) 2S for example (:1.9)] and the relatively high level at whim some sulfur compounds occur in the smoke of a blended cigarette as shown in Table : 1. that they have a definite, maracteristic effect on the aroma of that smoke. Whether all these sulfur compounds or some of them impart beneficial or undesirable notes to the overall smoke aroma could be a challenging future study, especially since the use of adsorption-type filters whim may modify both the absolute and relative concentrations of these compounds. 
SUMMARY
Dimethyl sulfide has been isolated from cigarette smoke by a combination of adsorption and partition gas chromatographic techniques. Positive identification of dimethyl sulfide was obtained by infrared spectrophotometry, mass spectrometry and gas chromatographic retention times. Both infrared and mass spectra are presented and their most important features are discussed. Based on gas chromatographic measurements, . a semiquantitative estimation of the amount of dimethyl sulfide in cigarette smoke is given. A list of the sulfur compounds identified up to now in cigarette smoke is presented as well as some discussion about their possible origin. After some evidence given on the importance of sulfur compounds on the flavor of several natural. products and of some synthetic compositions, the question is raised as to the possible effect of these sulfur compounds on the overall .flavor and aroma of cigarette smoke. ZUSAMMENFASSUNG Les composes sulfures identifies jusqu'a present dans la fumee de tabac sont releves ainsi que quelques donnees sur leur origine probable. Apres une digression sur le role important joue par plusieurs composes sulfures dans la saveur et l'arome de certains produits comestibles, tant naturels que synthetiques, un probleme est pose concernant l'effet que peuvent avoir les composes sulfures sur le goat et 1' arome de la fumee de cigarette.
